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mẍ(t) + Csgnẋ(t) + kx(t) = Q(t)

Q(t) = Fm(t) − P (Fm(t) − Fd) − DḞm(t)

P D
Fm(t) = kx(t) Fd = kxd

xd

P > 0
D > 0 ∆F = C/P



y
xd x(t) = xd + y(t)

y = [y, ẏ]T n

ẏ(t) = Ay(t) + By((n − 1)h) , t ∈ [nh, (n + 1)h) , n = 0, 1, 2, . . .

h

A =

[

0 1
−ω2

n 0

]

B =

[

0 0
(1 − P )ω2

n −Dω2
n

]

.

ωn =
√

k/m
tn = nh n

zn+1 = [yn+1,yn]T

zn+1 = Wzn , W =

[

Φ Γ

I 0

]

Φ = eAh =

[

cos(ωnh) 1

ωn

sin(ωnh)
ωn sin(ωnh) cos(ωnh)

]

,

Γ =
h
∫

0

eAτdτB =

[

(1 − cos(ωnh))(1 − P ) −(1 − cos(ωnh))D
ωn sin(ωnh)(1 − P ) −ωn sin(ωnh)D

]

,

I

zn = ceλn

(Ieλ −W)c = 0 ⇒ p4(µ) = det(Iµ −W)

µ = exp(λ)
p4(µ)

a0µ
4 + a1µ

3 + a2µ
2 + a3µ = 0 ,

a0 = 1 ,

a1 = −2 cos(ωnh) ,

a2 = Dωn sin(ωnh) − (1 − P )(1 − cos(ωnh)) + 1 ,

a3 = −Dωn sin(ωnh) − (1 − P )(1 − cos(ωnh)) .



c1 =p4(1) = a0 + a1 + a2 + a3 = 2(1 − cos(ωnh))P > 0 ,

c2 =(−1)4p4(−1) = a0 − a1 + a2 − a3 = 2 + 2 cos(ωnh) + 2 sin(ωnh)ωnD > 0 ,

c3 =1 − a2 + a3a1 − a2
3 = −(1 − cos(ωnh))2P 2 + (2d sin(ωnh) − 4 cos(ωnh) + 1)×

× (1 − cos(ωnh))P + 2(cos(ωnh) − d sin(ωnh))(d sin(ωnh) + 3(1 − cos(ωnh))) > 0 .

P ωnh/(2π)

d = Dωn

ci > 0 , i = 1, 2, 3
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frel ≤ 1/2






